The influence of calcium ions on nickel modulation of NMDA receptor currents.
N-Methyl-D-aspartate (NMDA) receptors (NRs) are glutamate-gated channels critical for the functioning of the nervous system. They are assembled from two types of subunits, the essential GluN1 and at least one type of GluN2 (A, B, C, D) subunit. Nickel (Ni) modulates the NR current in a way dependent on the GluN2 subunit present. Besides voltage-dependent and voltage-independent inhibition, in GluN2B-containing channels Ni enhances channel activity. We have recently identified several domains of the channel involved in Ni interaction, but many aspects of this modulation remain elusive. The purpose of the present work is to investigate the role of calcium (Ca) in the effect of Ni on the NR current measured by voltage- and patch-clamp in RNA-injected Xenopus laevis oocytes or in transiently transfected mammalian HEK293 cells expressing GluN1/GluN2B recombinant receptors. In both expression systems, in the presence of a physiological concentration of Ca (1.8 mM), Ni increased the NR current with EC(50) in the μM range, but this potentiation was reduced by decreasing Ca concentration or when Ca was substituted with Ba. In injected oocytes, the effect of Ni in 0.3 mM external Ba was only inhibitory (IC(50) = 65 μM). Increasing the internal calcium buffering by EGTA and BAPTA application, as well as incubation with cytoskeleton perturbing agents, colchicine and cytochalasin-D, did not produce major modifications in the Ni effect. These observations indicate that Ni-mediated potentiation is not dependent on Ca influx and internal Ca concentration, but it is dependent on external Ca, which possibly interacts with the extracellular portion of the protein through a modulatory binding site.